The Bromus carinatus complex comprises several cleistogamous taxa that have been recognized at a variety of taxonomic levels. Our study focused on three taxa: B. carinatus s.s., B. marginatus, and B. polyanthus, that have received varied taxonomic treatment. We mapped the collection sites of 673 specimens belonging to these taxa to determine whether their geographic distribution would support their recognition as species. We examined the characters customarily used to distinguish among the three entities: longevity, blade width, awn length, sheath vestiture, and lemma vestiture. The geographic data do not support the value of blade width as a taxonomic character but provide some support for use of awn length and the two vestiture characters. Of the three taxa, B. polyanthus, characterized as having glabrous sheaths and lemmas and, usually, short awns, was the most geographically distinct taxon. Bromus carinatus sensu stricto and B. marginatus showed some separation, the former being primarily a coastal taxon and the latter primarily an inland taxon. Based on our observations and published molecular data, we propose that B. carinatus and B. marginatus be treated as B. carinatus var. carinatus and B. carinatus var. marginatus (Nees ex Steud.) Barkworth & Anderton, comb. nov. respectively, and that B. polyanthus be treated as a species.
Bromus L. includes approximately 150 species, distributed among 6 sections (Clayton and Renvoize 1986 ) that are sometimes recognized as genera (e.g., Tsvelev 1976) . Section Ceratochloa (P. Beauv.) Griseb. is native to the western hemisphere. Its members differ from those of other sections in having strongly keeled lemmas and 3-5-veined lower glumes.
The number of species recognized in sect. Ceratochloa varies considerably (Table 1) . Hitchcock (1935) recognized five species in his treatment of grasses for the contiguous United States: B. catharticus Vahl, B. sitchensis Trin., B. aleutensis Trin. ex Griseb., B. breviaristatus Buckley, and B. carinatus (Hook. & Arn.). He acknowledged, however, the existence of many forms (using the word in its general, not nomenclatural, sense) of B. carinatus that ''. . . are connected by numerous intergrades [and] can be distinguished only arbitrarily' ' (p. 38) . He listed B. marginatus Nees ex Steud., B. maritimus (Piper) Hitchc., and B. polyanthus Scribn. ex Shear as names that applied to such forms. Some subsequent taxonomists have recognized more species than Hitchcock (e.g., Kearney and Peebles 1942; Chase (in Hitchcock 1951) ; Davis 1952; Harrington 1954; Munz and Keck 1959) ; others have recognized fewer (e.g., Hitchcock 1969; Scoggan 1978; Wilkens and Painter 1993) . There have been similar disagreements concerning the treatment of Mexican and Central and South American members of sect. Ceratochloa (e.g., Soderstrom and Beaman 1968; Planchuelo and Peterson 2000; Massa et al. 2004 ).
Those adopting a broad interpretation of B. carinatus have generally cited papers by Stebbins and Tobgy (1944) and Harlan (1945) in support of their treatment. Stebbins and Tobgy (1944) suggested that B. carinatus is probably an intersectional polyploid, combining three sets of chromosomes from sect. Dremann (Email to Barkworth; November, 2004) stated that, in the San Francisco Bay region, there were at least five morphologically distinct ecotypes based on his common garden studies: dwarf, small-seeded individuals from windswept coastal populations; matlike sand dune populations; dwarf, hairy, fast-maturing serpentine populations; tall populations from high rainfall areas; and dwarf, hairy, large-seeded populations growing in full sun within areas of low rainfall. He added that there were gradations between these extremes with the region.
This study arose from problems encountered in editing Pavlick's (1995) revision of Bromus in North America north of Mexico, which he had also submitted as his treatment of Bromus for the Flora of North America (FNA) series. Unfortunately, Pavlick's health problems precluded his participation in the editing process. One major editorial problem for the FNA series was the need for more precise and better documented distribution data, the other was for increased parallelism in the descriptions.
Pavlick included ''shaded area'' maps in his revision, but the FNA grass volumes use maps generated from a database system that requires county level data for sites in the contiguous United States and locality data for sites in Canada, Alaska, and Greenland. For species whose taxo- His descriptions failed to substantiate the last statement; identification of B. carinatus, B. marginatus, and B. polyanthus was essentially dependent on one or two characters. Moreover, initial examination of specimens suggested that variation in the most frequently used characters was continuous. Consequently, we decided to examine specimens from throughout the range of the three taxa in order to substantiate any decisions we made concerning their treatment in volume 24 of the Flora of North America (in prep.). Time constraints precluded extending the study to other taxa in sect. Ceratochloa.
In Pavlick's (1995) treatment, the only character distinguishing B. carinatus from B. marginatus and B. polyanthus was longevity (annual or biennial versus perennial) ( Table 2) . Bromus carinatus and B. marginatus are described as differing in blade width (3-6 mm versus 6-12 mm); no information on blade width is given for B. polyanthus. Other taxonomists have used lemma awn length and lemma and sheath throat pubescence, sometimes in combination with longevity to distinguish among the three taxa (Table 2) .
We decided to examine the relationship between the morphological characteristics and geographic distribution of plants belonging to B. carinatus s.s., B. marginatus, and B. polyanthus more closely, focusing on characters traditionally used for their identification, to determine whether the taxa recognized by Pavlick were morphologically and geographically distinct. Soreng et al. (2003) recognized two varieties within B. polyanthus, var. paniculatus Shear and var. polyanthus. Pavlick (1995) equivocated with respect to their status, stating that they ''are sometimes separated,'' var. polyanthus having erect, contracted panicles, short, erect or ascending branches, and awns 4-6 mm long, and var. paniculatus having nodding, open panicles, spreading branches, and awns up to 8 mm long. We measured the lowest panicle branch lengths on a sample of B. polyanthus specimens to see whether longer branches were associated with more open panicles and longer awns.
METHODS
We examined 702 herbarium specimens from five herbaria: ARIZ (170 specimens), WTU (88 specimens), NMCR (57 specimens), UTC (269 specimens), and V (118 specimens) (Herbarium codes from Holmgren et al. 1977.) Of the 702 specimens, 29 could not be georeferenced because the label data were inadequate; 30 were not mapped because they were cultivated plants. Because our primary goal was evaluation of Pavlick's treatment, we focused on four of the characters he and earlier taxonomists used for taxonomic delimitation of Bromus carinatus, B. marginatus, and B. polyanthus (Table 2) . We were alert to the possibility that there might be other characters that could be used for taxonomic delimitation within the complex, but were unable to identify any.
Longevity was not scored because it is often difficult to determine on herbarium specimens. Blade width was measured on what appeared to be the widest blade of a specimen; it was obtained only for specimens from WTU and UTC for reasons discussed in the following section. Awn lengths were obtained by averaging the length of the longest three awns on a specimen. Sheath throat and lemma pubescence were scored as follows: G for glabrous or scabrous, P-if only a few hairs were visible or if only some sheath throats or lemmas had hairs, P for visible pubescence on most lemmas or sheath throats, and P+ for exceptionally thick pubescence on most lemmas or sheath throats. Panicle branch length was measured on the longest branch at the lowest node on 70 specimens that, according to our criteria, belonged to B. polyanthus.
Few specimen labels included georeferencing data. We obtained latitude/longitude data for those lacking them by a variety of methods, depending on the label information. Specimens with township, range, and section data were georeferenced using Wefald's (2003) TRS2LL program. For U.S. specimens lacking such data, we used the Geographic Names Information System, refining the estimate where feasible by using maps from TopoZone (Maps a la Carte, 2004) . For Canadian specimens, we used Natural Resources Canada's Geographical Names of Canada website. Because we were unable to evaluate the accuracy of specimen label information, our georeference data are only estimates of the original collecting locality, but they are sufficiently accurate to portray the general geographic distribution of the specimens examined; they are not sufficiently accurate to determine ecological characteristics of the collecting site.
The georeferenced data were combined with the morphological data to relate the morphological variation to geographic distribution. For this analysis, we divided the two continuous characters, awn length and blade width, into two classes each, using breaks indicated by previous treatments (,7 mm and .7 mm, and 3-6 mm and 6-12 mm, respectively). In addition, we used Jenks optimization to calculate the best ''natural break'' in the data, based on the assumption that two classes were present. Jenks optimization partitions data into classes by minimizing the possible total error (the sum of absolute deviations based on the class median or the sum of squared deviations about the class mean) (Jenks 1967) .
Maps were drawn using ArcMap 9.1 (ESRI 1999 (ESRI -2005 and Albers Equal Area Conic projection, datum NAD 83. The layouts were prepared using Creative Suite 2 (Adobe 2005).
RESULTS
The specimens examined came from a wide area ( Figs. 1-4 ; Appendix I). Nevertheless, maps developed from a wider range of sources (Intermountain Herbarium 1999+) demonstrate that Yukon Territory, Alberta, Saskatchewan, Montana, North Dakota, Wyoming, Colorado, South Dakota, Kansas, northern Arizona, northern New Mexico, and Texas are not well represented in this study. The areas represented, however, include those in which the three taxa that were the focus of this study are most controversial (Table 1) 
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and UTC revealed no geographic separation of plants with blade widths above and below 6 mm ( Fig. 1 ). Jenk's optimization divided the specimens into two categories at 5 mm. These two categories also were not geographically segregated. We also mapped the specimens with glabrous lemmas and sheaths, (i.e., B. polyanthus). These too exhibited no geographic separation between wide-and narrow-leaved specimens (not shown). Thus, we concluded that blade width is not a useful taxonomic character within the taxa under consideration and excluded it from further examination. Awn length has been used to distinguish B. carinatus from both B. marginatus and B. polyanthus (Table 2) . Mapping revealed that almost all specimens with awns 8-18 mm long came from near the coast whereas most specimens with short awns came from inland locations (Fig. 2) .
Jenks optimization divided the specimens at 7.45 mm; the map using this value as the break point (not shown) was little different from that obtained using 8 mm.
The geographic separation of the short-and long-awned specimens was not absolute. Some short-awned specimens came from near the coast and some long-awned specimens from inland areas in central British Columbia, along the Snake River near the Washington-Idaho border, and southern Arizona and New Mexico. It is, of course, possible that the specimens concerned were collected because they differed from others in the region or that they were collected in unusual habitats within the region. We concluded that the geographic separation, although incomplete, tended to support the taxonomic value of awn length for the portion of the B. carinatus complex included in our study. Vestiture of the sheath and lemma have also been used to distinguish among B. carinatus, B. marginatus, and B. polyanthus. Existing descriptions suggest that there is variation in both characters, but particularly sheath vestiture, within each taxon. We found the association between throat and lemma vestiture was high (Table 3) . Of the 673 specimens mapped, almost half (313) had moderately pubescent throats and lemmas; the second largest class of specimens had glabrous lemmas and throats (155). Glabrous lemmas were never found on plants with densely pubescent throats; one specimen with densely pubescent lemmas had glabrous throats. Specimens with hairs on the throats and/or lemmas came from throughout the range of specimens in this study (Fig. 3) , whereas those with completely glabrous throats and lemmas, which would correspond to B. polyanthus, came primarily from the Rocky Mountains (Fig. 4) . Eight of the completely glabrous specimens had awns longer than 8 mm; one was from British Columbia, two from coastal California, three from southern Arizona and two from New Mexico.
Panicle branch lengths for B. polyanthus were essentially unimodal (Fig. 5) . Some of the specimens with branches longer than 11 cm had open panicles; it was impossible to determine whether the others might have had open panicles if collected slightly later in the season. The correlation between panicle branch length and awn length was 0.44.
DISCUSSION
Our study demonstrates that the taxa Pavlick (1995) identified as Bromus carinatus, B. marginatus, and B. polyanthus have somewhat different geographic distributions, which supports their recognition as distinct taxa at some level. The geographic separation between long-awned and short-awned specimens, as well as that between glabrous and pubescent specimens, supports the use of awn length and pubescence of sheath throats and lemmas as characters delimiting distinct taxa. There were not as many longawned glabrous specimens (8) as would be expected (26.486) if awn length and pubescence were independent characters (chi-square statistic 5 20.2177, , 0.0001).
None of the entities circumscribed by the characters examined in this study were completely geographically distinct. Moreover, the morphological separation of specimens based on pubescence of lemmas and sheath throats and average awn length glossed over the fact that several specimens had awns either just under or just over 8.0 mm; variation in pubescence density was also continuous.
The most morphologically distinct group included specimens with completely glabrous sheath throats and lemmas; most also had awns shorter than 8 mm. Specimens with this combination of characteristics came primarily from the Rocky Mountains (Fig. 4) . They correspond to B. polyanthus. Massa and Larson's (2005) phylogeographic study of B. carinatus confirmed that B. polyanthus is more distinct than either B. carinatus or B. marginatus. Using AFLP, they identified four genetically distinct groups among their samples, all of which they referred to B. carinatus sensu lato. Examination of the vouchers deposited at UTC revealed that all three accessions in their group 4 belong to B. polyanthus, both morphologically and geographically.
The other specimens in Massa and Larson's (2005) study had awns less than 8 mm long, which placed them within B. marginatus. They stated that two of them, CAR03 (PI 202202) and CAR04 (PI 202203), came from seed accessions derived from collections made in Marin County, in coastal California. Of these two, CAR03 was notable for having some awns longer than 8 mm. All the voucher specimens were made from plants grown in a uniform garden near Logan, Utah.
The PI numbers enabled us to obtain additional information for the accessions from the U. Their history reduces the taxonomic value of the accessions in GRIN. It is possible that the population from which PI 232202 was originally obtained corresponded to B. carinatus s.s. There were, however, many wild-collected specimens that, like PI 232202, had some awns more than 8 mm long even though the majority were shorter. Neither the study by Massa and Larson (2005) nor this study eliminated the possibility that the short-awned specimens growing near the coast are environmentally modified representatives of a long-awned taxon. We are also unable to reject Stebbins and Tobgy's (1944) hypothesis that the shorter awned plants have a different parentage from the longer awned plants. Pavlick (1995) argued that groups should be recognized as species if doing so would ''be useful to those that might use this treatment for ecological, resource management or other purposes''. We agree that some nomenclatural difference is desirable for taxa that appear to have different ecological characteristics; we do not agree that they need to be recognized as species. Based on the morphological, geographic, and genetic data available, we propose that B. marginatus and B. carinatus be treated as conspecific taxa and B. polyanthus as a distinct species. For consistency with Pavlick's treatment of other species, we are proposing that B. carinatus sensu stricto and B. marginatus be recognized as varieties. The following key summarizes our findings. Douglas. Scoggan (1978) attributed this combination to A.S. Hitchcock, but there is no evidence that Hitchcock actually made the combination.
Our data leave the status of the varieties of B. polyanthus unclear. Using the criteria that we did for identifying the species, there were a few specimens of B. polyanthus that conformed to var. paniculatus but they appeared to be extremes of a continuous range of variation. If, however, awn length were given greater weight in identification, Arizonan and New Mexican specimens that we placed in B. carinatus var. carinatus because they had some hairs on their lemmas or sheaths would be identified as B. polyanthus var.
paniculatus. An additional possibility is that they, together with the long branched specimens we identified as B. polyanthus, represent a new, unrecognized taxon.
Clearly, a better understanding of the bases of variability within B. carinatus and its relatives is essential to their more satisfactory taxonomic treatment. Developing such an understanding requires an interdisciplinary study involving experimental, cytogenetic, and molecular investigations of wild populations.
Volume 24 of the Flora of North America series, which is scheduled for publication in the fall of 2006, will contain keys, descriptions, and illustrations for the three taxa that were the focus of this study as well as the other taxa of Bromus that have been found in North America north of Mexico. We hope its publication will stimulate a new round of collaborative, interdisciplinary studies of the genus.
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APPENDIX I REPRESENTATIVE SPECIMENS EXAMINED
Because we did not intend this paper as a revisionary study, we recorded only the data required to relocate an individual specimen among those on loan. Additional specimen information for UTC and WTU specimens is available from the Global Biodiversity Information Facility (2005+). For specimens from NMCR, we include the first collector's initials and collection number because they have no accession number. Canadian specimens do not list county; we show the latitude and longitude of representative specimens. As noted in the text, most such data were obtained retrospectively.
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